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Abstract 
The objective of this paper is to study the impact of the variability of oil prices on the real exchange rate for a 
small oil-importing economy (Morocco) and a small oil-exporting country (Tunisia) to compare the effect of 
fluctuations in oil prices on the volatility of exchange rate depending on the nature of the country. We used 
GARCH specifications taking into account several effects (symmetrical, asymmetrical, linear, nonlinear, 
threshold, power, level shift and jump intensity) in order to evaluate the empirical relationship between these 
variables and identify which of these effects is the most powerful. Our results reveal that whether for importing 
or exporting-oil economy, the real price of oil is negatively and significantly related to the variability of real 
exchange rate, which is remarkable across all estimates and all the effects considered. By introducing a dummy 
variable representing the two oil crises and the Asian crisis, the relationship between oil prices and the exchange 
rate has become more volatile and more persistent for the importing country and less intense for the exporting 
country, which means that the interaction oil price-exchange rate volatility depends greatly on switching regime.  
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1. Introduction 
During the period 1971-2009, the crude of oil has fluctuated widely. The demand and supply are the 
cause of these price increases. These high prices of petroleum products may lead to harmful consequences of 
such economy especially in the developing countries. Several studies have been developed using different 
specifications involving interaction of oil prices to the exchange rate. 
Narayan and al. (2008), Ghosh (2010), Zahid, Khouhy and Suleiman (2011) and Mansor H-I. (2011) 
examined the impact of real oil prices on the real exchange rate of oil exporting countries. They found a 
negative relationship between fluctuations in oil prices and the movements of their national currencies vis-à-
vis the U.S. dollar. They built a new indicator replaces the simple change of oil prices in accordance with 
fluctuations in the exchange rate used the variance between the yield variation in crude prices and that of the 
real exchange rate. We standardized the unanticipated changes in real prices for the conditional variance of 
real exchange rate movements following a GARCH process (Generalized Autoregressive Conditional 
Heteroskedasticity). This indicator serves to emphasize the role of oil price volatility in determining the 
volatility of real exchange rate. From the literature covered this subject, it is clear that most of the work have 
been made to the Canadian economy, Nigerian (Olomola P-A. And AdejumoA-V., 2006) and to our 
knowledge no empirical study has treated the case of Morocco or Tunisia. An important element to highlight 
is that the effect of an oil shock depends on the nature of the country and depends on whether the country is 
an exporter or importer of oil.  
Our goal is to contribute to the literature on cases of small oil importing and small oil exporting 
countries by examining the effects of symmetry, asymmetry, linearity, nonlinearity, threshold, power, level 
shift and jump intensity in the link between oil prices and exchange rate for Morocco and Tunisia. The results 
of this analysis could help policy makers to respond to an innovation in oil prices. 
2. Modeling the Relationship oil price-exchange rate  
To investigate possible links between variability of oil prices and exchange rate for the cases of 
Tunisia and Morocco and verify if this effect is significant, we estimate various GARCH specifications taking 
into account these effects: symmetrical, asymmetrical, linear, nonlinear, threshold, power, level shift and 
jump intensity. To do this, we use data for the period from second quarter 1972 to fourth quarter 2010. The 
data of oil prices are the spot price of oil collected from Energy Information Administration (EIA) of the 
United States. For the real exchange rates, the data are from the Econstats and the International Monetary 
Fund. Returns of exchange rate in real terms are denoted r RER t while the return of oil prices is denoted r OIL t. 
r RER  t = log (RER t/RER t-1)   (1) 
r OIL t = log (OIL t/OIL t-1)       (2) 
To examine the link between exchange rate and price of oil, we rely on models from the work of 
Mansor H-I. (2011). First, a linear link will be estimated between two variables which is written as follows: 
            tOILRER tt rr PED          
 
(3)
 
2.1. Symmetrical effect in the relationship oil price-exchange rate 
The direct link between oil prices and the exchange rate after the oil shock of 1973 was described as 
symmetrical and linear. Thus, Rashe and Taton (1977) and Hamilton (1983) used a log-linear modeling to 
measure the impact of oil price developments on several monetary aggregates. But, the against oil shock 1979 
is an innovation that can dramatically change the relationship. Among the models that take into account the 
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symmetrical effect are those that were introduced by Engle (1982) and Bollerslev (1986). These models do 
not include a cyclic behavior, sudden shocks and asymmetric volatility series. We can say that these 
specifications are restrictive. The most popular model in the economic and financial literature is the GARCH 
specification (General Autoregressive Conditional Heteroskedasticity) introduced by Bollerslev in 1986. This 
latter can be written as follows:  
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Where  Z : the reaction of shock, D : ARCH term, E : GARCH term,
 
P : normal innovation. 
2.2. Asymmetrical effect in the relationship oil price-exchange rate 
Monetary policy can contribute to the asymmetry of the relationship. To the extent that exchange rate 
policy responds asymmetrically to changes in oil prices, monetary policy can itself demonstrate an asymmetry 
vis-à-vis oil prices as one of its main determinants are the exchange rate. Loreillet G. (2010) states that "the 
monetary authorities tend to opt for a restrictive policy in case of rising prices. However, it is more reluctant 
to be accommodative at lower prices. This reality highlights the phenomenon of asymmetry". Models with 
asymmetric effect describe the behavior of the conditional variance based on good or bad news.  
              )log()log( 121
1
1
1
1
1
2 



  t
t
t
t
t
t VEV
PJV
PDZV     (5) 
WhereZ : the reaction of shock, D : ARCH term, E : GARCH term,
 
P :  innovation, J : leverage effect. 
2.3. Threashold effect in the relationship oil price-exchange rate 
Highlighting the threashold effect of the interaction between real oil prices and real exchange rate 
can be explained by distinguishing between the effect of the increases and decreases in oil prices and the 
exchange rate or by directly entering these two variables in a model taking account of this effect. The model 
demonstrating this effect is nonlinear reflecting the existence of regimes in which the real exchange rate will 
react differently to changes in oil prices. Models with threashold effect are piecewise linear models that 
describe the variability of the conditional deviation and not the conditional variance as all other GARCH 
specifications. Appeared beyond the model TGARCH (which is introduced by Tong (1990).  
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Where P : normal innovation,
 
P : innovation after positive shock, J : leverage effect. 
2.4. Nonlinear effect in the relationship oil price-exchange rate 
This effect in relationship between oil prices and real exchange rate implies that the interaction 
between the two variables in question is non-linear, which would determine a threshold at which the real 
exchange rate will react differently to price per barrel. Methods to highlight a non-linear relationship are 
multiple. In this context, many studies have adopted a nonlinear model to verify the existence of threshold 
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effects in the link between oil prices and real economic activity for several industrialized countries. Another 
statistical method to demonstrate directly the threshold at which the exchange rate reacts differently following 
the oil price developments is the GJR-GARCH model introduced by Glosten, Jagannathan and Runkle (1993). 
This is an extension GARCH where the indicator function or the dummy variable, equals 1 if the residue of 
the previous period is negative and zero otherwise. In this way, the conditional variance follows two different 
processes depending on the sign of the error terms.  
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Where Z : the reaction of shock, D : ARCH term, E : GARCH term,
 
P : innovation, J : leverage effect. 
2.5. Power effect in the relationship oil price-exchange rate 
Instead of taking account simply of the absolute value or squaring the data as in conventional models 
as the standard GARCH model. Ding, Granger and Engle (1993) proposed a model that extends the class of 
GARCH specifications to analyze a broader class of transformations taking account of the power effect. Thus, 
Brooks and al. (2000) stated that “absolute changes in an asset’s price will exhibit volatility clustering and the 
inclusion of a power term acts so as to emphasizes the periods of relative tranquillity and volatility by 
magnifying the outliers”. In the same context, Lucey B-M. and Tully E. (2006) announced that the models 
with power effect are not always desirable. Despite this, there is a question whether the effect of power in the 
relationship is desirable in terms of real oil prices and real exchange rate. One of these innovations to the term 
of power by which the data is transformed.  
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Where  Z : the reaction of shock,
 
P : normal innovation, J : leverage effect, M : power parameter. 
2.6. Level shift effect in the relationship oil price-exchange rate 
To explain the effect of "switching regime" in the existing relationship between oil prices and the 
exchange rate, Raymond and Rish (1997) conducted a model with Markov switching regime to evaluate and 
compare the impact of trends in rising and falling oil prices on fluctuations of U.S. economic aggregate before 
and after the war while applying the model chosen on two sub-periods. This switching regime can also be 
measured using models with "level shift" constitutes another class of nonlinear models able to measure the 
volatility. These models are characterized by a volatility process containing jumps. This model can not 
adequately describe the impact of shocks on conditional variance. Among the GARCH extensions taking into 
account the effect of level shift is N-GARCH with shift introduced by Duan (1995).  
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WhereZ : the reaction of shock, P : innovation, J : leverage effect, M : power parameter, N : level shift. 
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2.7. Jump intensity effect in the relationship oil price-exchange rate 
As we have explained previously, many statistical methods are able to identify a nonlinear interaction 
between the series in question. In addition to the non-linear transformations of the exchange rate as a function 
of oil prices, we have implemented methods of nonlinear models which belong jump intensity. Regarding the 
relationship between oil prices and real exchange rate, we can mention the work of Chan and Maheu (2002) 
and Maheu and McCurdy (2004) which proposed a model with autoregressive jump intensity capable of 
capturing jump dynamics in the volatility process. We used the equation (3) to explain the structure ARJI: 
(10) 
                             
 
Where the volatility process contains a normal innovation (μ1,t) and innovation jump(μ2,t) that alerts us to the 
arrival of news that may affect scale. Ji,t :  jump magnitude, θ: size of jump, κ2: extent of variability jump. 
As the object of our work is which effects (symmetrical, asymmetrical, leverage, threashold, 
threshold, power, level shift or jump intensity) that impacts more the relationship between the variability of 
oil prices and real exchange rate volatility for Moroccan and Tunisian cases, we will start with a detailed 
explanation of each effect. Graph 1 below mentioned, allows to highlight the first correlations between these 
two series that will interest us throughout this study. We clearly observe a large and permanent volatility for 
these two variables. The fluctuations of return in oil prices (OIL) and those of the real exchange rate (RER) on 
data for Morocco and Tunisia have allowed us to distinguish an interaction between the two series. 
3. Application and Results 
Before estimating the relationship price of oil (rOIL) and real exchange rate (rRER), we begin by 
examining the descriptive statistics of the two series. From Table 1, it is clear that the Jarque-Bera test rejects 
the null hypothesis of a normal distribution for the normal distribution of the returns of exchange rate and of 
oil prices for Morocco and Tunisia. Returns of exchange rates and oil prices show a negative asymmetry for 
both countries, thus admitting a symmetric distribution. Kurtosis is greater than 3 indicating that the 
distribution of each series is flatter than the Gaussian distribution. 
Table 2 summarizes the results from estimates the GARCH extensions (GARCH (1,1), E-GARCH 
(1,1), T-GARCH (1,1), GJR-GARCH (1,1) P -GARCH (1,1), NGARCHK (1,1) and TS-GARJI (1,1)) indicating 
successively the symmetrical, asymmetrical, nonlinear, threshold , power, level shift and jump intensity 
effects to compare its impact on the relationship between oil prices and the exchange rate. It is clear from 
these results that the price of oil has a statistically significant impact on the exchange rate for all effects 
questioned except for symmetrical effect, which has an insignificant impact. There is also the preponderance 
of the level shift effect on the interaction linking the two series. Thus, for the TS-GARJI, an increase of 10% 
in oil prices leads to a depreciation of 0.021% of the real exchange rate, followed by NGARCHK inducing a 
decrease in the level of real exchange rate of 0.013%. Similarly for Morocco, an increase of 10% in oil price 
depreciates the real exchange rate of 0.041% for the TS-GARJI and of 0.015% for NGARCHK. 
Graph 2 shows the estimates of density functions considering the symmetric effect, leverage effect, 
threaslod effect, nonlinear effect, power effect et shift level effect et de jump-intensity. The x-axis indicates a 
positive value of these effects so that higher values mean the most effective model. Indeed the level shift and 
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jump intensity are better able to analyze the link between oil prices and the exchange rate within the 
Moroccan and Tunisian economies. Table 3 summarizes the results for Moroccan and Tunisian cases.  
The parameter estimates of GARCH (1, 1) used to analyze the impact of the symmetrical effect on 
the relationship between the real price of oil and the real exchange rate. For this case, volatility is generated 
by a stationary process if the constraint 1%ED  , what is true (equal to 0.58 for Morocco and to 0.47 for 
Tunisia). We can also say that the asymmetrical nature of the relationship, since the variable for leverage J  is 
significant for both countries. It is positive, indicating that bad news have more impact than good news. The 
volatility of this relationship is more persistent for Tunisian case than the Moroccan case. Moreover, the effect 
of a positive shock is much larger than the effect of a negative shock to both economies. The relative degree 
of asymmetry is negative and significant for Tunisia (equal to -2.60) indicating that bad news have a powerful 
impact on the conditional volatility while it is positive and significant for Morocco (equal to 3.66) showing 
that the good news have a significant effect on the conditional variance. 
For the two nonlinear models (T-GARCH (1, 1) and GJR-GARCH (1, 1) and for both countries, the 
intensity associated with a positive shock is greater than that associated with a negative shock. In addition, we 
note that the degree of asymmetry is positive and important for Morocco and Tunisia, which means that good 
news, has a significant effect on the conditional volatility. We notice that the power effect has a permanent 
and powerful effect on the interaction linking our series with a significant duration of persistence. Volatility is 
negative for Morocco and Tunisia as it does not check the positivity constraint if 00,0 tt EDZ and .    
The conditional volatility is stationary by taking into account the effect of level shift and jump 
intensity of the relationship for both countries. Moreover, the persistence of volatility is largest compared to 
other specifications estimated. The coefficient is positive for Morocco and negative for Tunisia, which would 
imply that the effect of bad news is more intense than the good news, i.e. the relationship between oil prices 
and the exchange rate reacts more to good news than bad news for Morocco and back for Tunisia. 
4. Conclusions 
This study reveals that:  
(i) The duration of persistence associated to the impact of oil prices on the real exchange rate is 
more important taking into account level shift and jump intensity for both countries;  
(ii) The intensity of the shock and the degree of asymmetry for Morocco and Tunisia are more 
important taking into account the asymmetric effect, especially for the E-GARCH model 
characterized by a conditional variance that increases rapidly when magnitude of disturbance is 
high which can lead to exaggerated responses of the conditional variance. In the same context, 
the intensity of the shocks which is either negative or positive is too important for the model 
with jump intensity; 
(iii)  The ARCH and GARCH effects are more important for the interaction that takes into account 
the level shift and jump intensity;  
(iv) The price of oil impacts more the real exchange rate considering the effects of switching regime 
change and the impact of an innovation in oil prices on the exchange rate is more important 
considering the jump intensity effect (see graph 3). 
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Tables: 
 Table 1. Descriptive statistics 
Morocco Tunisia 
r RER r OIL r RER r OIL 
Mean  0.002108 -0.009578 0.000154 -0.016411 
Median -0.000911  0.005325 0.000302 -0.007197 
Maximum  0.223285  0.371892 0.015442 1.801679 
Minimum -0.189833 -0.457978 -0.018702 -1.950234 
Std. Dev.  0.035028  0.113403 0.007059 0.262951 
Skewness  -0.718556 -0.037817 -0.271471 -0.391274 
Kurtosis  26.22971  5.875501 12.757867 35.04450 
Jarque-Bera  52.05869 3469.433 31.0155 6550.074 
Note : rRER : return of real effective exchange rate ; rOIL : return of oil price. 
 
Table2. Parameters of estimates: Extensions GARCH and GARJI 
                                                                                         Morocco 
 GARCH EGARCH T-GARCH GJR-GARCH P-GARCH NGARCHK TS-GARJI 
                                                               Mean equation 
C 
 
r OIL 
 
-0.0004* 
(-0.5984) 
-0.13E06 
(-1.3852) 
-0.0002* 
(-0.6368) 
-0.0010* 
(-1.3243) 
-0.7932*** 
(-8.2231) 
-0.0024* 
(-1.1184) 
0.0007 
(0.2452) 
-0.0003* 
(-1.0083) 
0.0024*** 
(3.2120) 
-0.0011* 
(-1.4646) 
-0.0003 
(-0.6335) 
-0.0015* 
(-1.3261) 
-1.22E-05 
(-0.020) 
-0.0041* 
(-1.3723) 
                                                           Variance equation 
w 
 
α 
 
ß 
 
Y 
 
λ 
 
ρ 
 
θ 
 
κ 
1.18E-06 
(0.5068) 
0.0406 
(0.8149) 
0.4316*** 
(10.741) 
- 
 
- 
 
- 
 
- 
 
- 
-0.1137*** 
(-3.7207) 
-0.0718** 
(-2.8839) 
0.6835*** 
(6.1749) 
0.0440** 
(2.8756) 
- 
 
- 
 
- 
 
- 
1.93E-05*** 
(3.2155) 
-0.7976*** 
(-8.4554) 
1.1999*** 
(3.1031) 
3.12E-05** 
(2.8477) 
- 
 
- 
 
- 
 
- 
0.0012** 
(2.7410) 
-0.0239* 
(-1.7448) 
0.6095 
(0.0268) 
0.6758* 
(1.8386) 
- 
 
- 
 
- 
 
- 
0.0799* 
(1.7688) 
0.3925*** 
(3.3753) 
0.3072** 
(2.2289) 
- 
 
- 
 
- 
 
- 
 
- 
 
4.96E-07 
(0.3444) 
-0.0410* 
(-1.1547) 
0.7024* 
(1.2101) 
0.0253 
(0.0933) 
- 
 
- 
 
- 
 
0.0074 
(0.9839) 
1.68E-05* 
(1.7149) 
0.0472 
(0.3706) 
0.6146* 
(1.0266) 
-0.0831 
(-0.4948) 
0.0888 
(0.5346) 
-0.0662 
(-1.3388) 
-0.1217* 
(-1.9745) 
0.1412 
(0.2805) 
                                                                             Tunisia 
                                                                Mean equation 
C 
 
r OIL 
 
-0.0003* 
(-1.6012) 
-8.31E05 
(-0.0257) 
-0.0003* 
(-1.202) 
-0.0002* 
(-1.091) 
-0.0003 
(-0.6553) 
-0.0003* 
(-1.1010) 
2.23E-07 
(0.2613) 
-0.0010* 
(-1.0735) 
-0.0003 
(-0.5908) 
-0.0011* 
(-1.5401) 
0.0651 
(0.5232) 
-0.0013* 
(-1.3053) 
-1.22E-05 
(-0.020) 
-0.0021* 
(-1.3723) 
                                                              Variance equation 
w 
 
α 
 
9.15E-07 
(0.4601) 
0.0356 
(0.7758) 
-0.0169 
(-0.7142) 
-0.0994*** 
(-3.4841) 
4.05E-07 
(0.5807) 
-0.0603 
(-0.0046) 
2.23E-07 
(0.2613) 
-0.0119* 
(-1.0735) 
-5.6E-05 
(-0.4470) 
-0.0261 
(-0.4184) 
-10.08E-04 
(-0.3522) 
-0.0031 
(-0.4944) 
1.73E-05* 
(1.5939) 
0.1270 
(0.6990) 
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ß 
 
Y 
 
λ 
 
ρ 
 
θ 
 
κ 
0.5413*** 
(11.9500) 
- 
 
- 
 
- 
 
- 
 
- 
0.7913*** 
(4.9116) 
0.0478*** 
(11.5686) 
- 
 
- 
 
- 
 
- 
0.9074*** 
(17.3148) 
-0.0433 
(-0.9233) 
- 
 
- 
 
- 
 
- 
0.9101*** 
(23.5621) 
-0.0866 
(-0.5319) 
- 
 
- 
 
- 
 
- 
0.819*** 
(22.778) 
            - 
 
- 
 
- 
 
- 
 
- 
 
-0.0094* 
(-1.4452) 
-0.0070 
(-0.5336) 
- 
 
- 
 
- 
 
0.0058 
(0.0674) 
0.7312 
(0.9775) 
-0.0057* 
(-1.0568) 
-0.1086** 
(-2.5003) 
-0.1355 
(-0.6247) 
0.1241 
(0.2392) 
0.0008* 
(1.0058) 
Note : Standard deviations are in parentheses, ***, **,*: significant at 1%,  5%,  10%; For detailed analysis of GARCH specifications, 
see Bouoiyour J. and Selmi R. (2011). 
 
Table 3. Persistence of volatility 
Duration  Intensity of shock Leverage effect Asymmetry ARCH effects 
Asymmetric model 
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                                                                             Moroccan effects  
   Symmetric 0.47 0.04  - - 0.47 
Asymmetric 0.52 0.11 ; -0.03   0.04 3.66 0.50 
Threashold 0.55 -0.09 ; -0.13  3.12E-05 1.00 0.55 
Nonlinear 0.63 -0.04 ; -0.12  0.48 1.07 0.87 
Power 0.50 -0.03  - - 0.50 
Shift level 0.66 0.06 ; -0.02  0.02 -1.00 0.68 
Jump intensity 0.65 -0.12 ; -0.04  -0.08 -3.00 0.61 
                                                                               Tunisian effects  
   Symmetric 0.58 0.03  - - 0.58 
Asymmetric 0.70 1.08  ; 0.90   0.04 -2.60 0.72 
Threashold 0.84 -0.09 ; -0.13  -0.04 1.44 0.82 
Nonlinear 0.90 -0.04 ; -0.12  -0.08 3.00 0.86 
Power 0.79 -0.03  - - 0.79 
Shift level 0.98 -0.02 ; 0.006  -0.007 0.03 0.98 
Jump intensity 0.85 -0.11 ; 0.13  -0.005 0.84 0.85 
Note: The first value in column3 indicates the intensity after a negative shock and the second indicates the intensity after a positive shock. 
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Graphs: 
Graph1.  Evolution of exchange rate and price of oil in real terms 
Morocco Tunisia 
  
  
Source: FMI, Econstats, EIA and authors’calculations. 
 
Graph2. Choice of optimal GARCH model with Kernel density  
                                     Morocco Tunisia 
  
Note: These graphs display kernel density estimates for the models considered. The x-axis is the positive values of the functions, that 
the larger values imply better models. 
 
Graph3.  Evolution of the relationship between real oil price and real effective exchange rate 
 Morocco Tunisia 
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Note: RERF: indicates the volatility of the relationship between real price of oil and real exchange rate determined from the bivariate 
GARCH specifications: (1): corresponds to the period after the first oil shock in 1973 (2): After the second oil crisis (the second oil shock 
in 1979) (3): corresponds to the period after the Asian crisis in 1997; A: symmetric effect (GARCH(1,1)); B: Asymmetric effect (E-
GARCH(1,1)); C: Threashold effect (T-GARCH(1,1); D: Nonlinear effect (GJR-GARCH(1,1)); E: Power effect ; F: Level shift effect (N-
GARCHK(1,1);  G: Jump intensity effect (TS-GARJI(1,1)). 
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